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INTRODUCTION' 

late November and early December of 1967, the 
authors were asKed to develop their point of view toward 
?o5X Bann * d and unmanned planetary program through 

19B0. This paper was prepared in response to that request 

.authors* thinking at thatpartloular tlme.J 

ln brler ^-nr-. n. r tiiowin - g i ig -n 

is a reflection of a long term point of view. The particular 
program selected to Illustrate this rationale represents an 

reaourees° f and one possible allocation or 

dlfcSiTS tL lnf °r aatlon baconee available on technical I 
•• OUr< i # ? • th * pro-am may ohange. However, the 1 / 
rationale expressed lr. the paper la expected to renaln much 
&8 it is now. 

f E NERAL 

/IV . Th * program ln Figure 1 has three branches 

(Sbne branch builds on the Mariner flybjs of Mars and V.n™2d 
uses unmanned orblters with small survlvable landers and 
atmospheric probes as a precursor to manned exploration. This 
branch uses the scientific and technological achievements of the 
unmanned flights to design and guide the planning of a manned 
exploration program.. Tha®hecond and(»>.hlrd branches are aimed 
toward the scientific exploration of the solar system. These 
branches are Included to provide early knowledge of the rest of 
the solar system (excluding the aun) to'S’permlt rational planning I 
t ®j? ac ® exploration in the 80*8.^ The second branch explores I 
'Juplt.r and th. n«>r planet, and la. ln a aen.e, th. SjoJ Jhal- 
lenge to the unmanned program. It offers technology a new challenge 
rn Xh 8t0:t f “ nd r « llablllt V • nd wil1 provide science with new data 
?! “ d ■tructure of the solar system. The third branch 

technology d th * COB * t8 4nd a **«rolds and capltallrea on Mariner 

, lHnna1 . T $ e Program In Figure 1 is based on a particular 

exploration and certain assumptions as to resource 
availability and management policy. The major assumptions are: 

(1) It Is necessary to keep the option of manned 
planetary exploration in the late 1970's open. 
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It Is desirable to use Industry to build flight 
hardware for at least the branch leading to manned 
flights. 

It is desirable to keep the scientific and tech- 
nical expertise developed ir. the planetary program 
over the last decade intact. 

PY 69 funding will be tight but new starts will 
be possible for planetary flight programs and 
the long range NASA annual budget will be between 
5 and 6 billion 1967 dollars. 

The next major new start of manned hardware will 
be PY 71 or PY 72. 

The types of launch vehicle and major configuration 
changes in the overall planetary program should be 
few in number. 


1 


of the way that these assumptions have 
A ,A J nf i UOnCe ?„^ e pr °8 rara ia that the first manned mission shown 

0 ,**!*’**• fop a 1978 triple planet flyby even though the 1977 triple 

L* achievable^ 18 equally attractlv « *** i» also technically 






0 * 


Pour basic launch vehicles appear adequate for 
olanetary exploration through I960. These include the 
At lao, vw.:taur , the ritan III, and the Saturn 7, with 
possibly some upratlng for manned missions. The exploration 
of Jupiter and the aajor planets requires a vehicle with 
ca P a bmty at high Injection energies beyond 
the .itar. Ill class. One possibility here is the addition 
of a Centaur upper stage to the Titan III vehicle. To 
Illustrate t.-.e required class of vehicle, performance data 
from NASA TMX 60153, "Launch Vehicle Estimating Pactora." 
has been used. 


Configurations for the spacecraft have not been 
identified In the text or in Figure 1 Tor the particular 
missions , since the amount of funding and the relative weight 
placed on the above assumptions will dictate this choice. One 
view of these assumptions would dictate a choice of the Langley 
little crblter* , Ames atmospheric probes, and the JPL survivable 
Mars impact lander for the main line Kara/Venus program. In 
this view the current Mariner tean would be aimed toward the 
comet and asteroid missions In the later 1970’s, conoen- 
itrating on Venus/Mercury swir.gby missions in the early ’70’s, 

I and a new team would be forced and aimed toward the Jupiter missions. 

•for example, as studied by the Boeing Co. 
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( 1 ) 

( 2 ) 


(3) 

<*) 

(5) 

( 6 ) 

(?) 


The topography and morphology of selected areas of the 
surface from Mariner low and moderate resolution TV. (2.3) 


k 5 surface color ar.d composition derived 
.rom earth-based observatl ms. Mariner low resolution 
TV (either red or green filtered), and *69 Mariner IR 
spectroscopy. 


Surface infrared temperatures measured from earth and 
the 69 Mariner, ar.d radio enlsslor. temperatures meas- 
ured from earth. 


profl-.es of atmospherio refractlvlty (leading to 
•ff ei, “ r# » and temperature) and Ionospheric elec- 
; au " d ’ y at 8elect ed -locations determined rrom Mariner 


corae of the constituents of ths atmosphere Identified 
-hroug.. earth-based and '69 Mariner spectroscopy. 


The charged particle and magnetic field properties 
measured alomf the trajectory of the Mariner IV flybv 
spacecraft. (*1 


The orbital parameters of the moons of Mari from earth- 
based observations. 


( 8 ) 


The dynamical parameters of Mars as determined 
based optical and radar techniques. 


by earth- 


Malor areas of future interest lnolude: 


(1) A search for evidence of existing or fossil life. 

(2) The dynamics, structure ard composition (including 
alnor components) of the atmosphere. 


(3) The morphology , bearing strength and composition of 
the surface, including temporal variations of the 
wave of darkening and polar caps. 

(«) The structure of the Interior and a knowledge of dos 
slbie seismicity and volcanlse. 


The exploration of Mars shown In Figure 1 begins with the 
two 1969 Mariner flybys, and phases Into an orbital program using 
atmospheric and lander probes. This Is followed by a series of 
nanred missions. 


The 1969 Mariner Kars flyby Is the last of the currently 
funded missions in NA9A ' a planetary program. The spacecraft la an 
advanced version of the 1964 Mariner Mars spacecraft and uses the 
f£ la ?x£* nt *?r th * ' launch vehicle. The mission payload replaces 
the 64 particles and fields experl cents by IR and UV spectrometry 
and IR radlometry at Kars. Also, this mission should return a 
tetter selection of TV pictures. Including both low and 
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moderate resolution pictures (2 cameras ) and several of the full 
planet disk. Improvements in the communications syste- such »* 
us. of the no- Golds tone receiver. ,111 Incnu* S Sit I 
return capability by about 2 orders of magnitude compared to 
warlr.er IV. 

Launch vehicle selection Is relatively stralght- 

in°rh5 h V°* t 'i 9 uaT - ar "* ed missions if the requirements 
stated In this .Memorandum are accepted. The Atlas/Centaur 

provides marginal payload capability In Mars and Venus orbit 
ln t0 ® ld -1970 , s, and virtually no probe delivery 

capability. Therefore, the Titan III-C Is suggested as th£ 
launch vehlc.e for this program thru 1973. This provides 
!Tj n on a Tvoe I trajectory Tor roughlj 30C-600 ISs of In- 
orbit .clone, plus tn. c.pacit, .or A .LI J °L:. 

^r- 7 t U u VlVable J nDactir *S lander probe for each of the 1971 - 
1973 Mars and Venus orbital missions shown ln Plgure 1. 

Mars 1975 and 1977 flights using a Titan III-C would require 
Type 12 trajectories to have an equivalent payload. 

BOO lh of an orbital apacecraft In the 

d^vStlv! \ ? arrled out b * Jp L. using a Mariner 

derlvitiw* “SL 1 ?* B ° #ln * *■*•«*• using a Lunar Orblter 
aerivative. xhe two approaches are quite similar in the Dosslble 
dot. roturn. Both of th... .tudl.. h.„ ...umid thr.. prlM 
obj.otlv.a for th. orbital spacecraft: Mara orbit. Ver.ua 

bl dlJc^.d'^L! Th * 1U "* r ° rbU »U1 not 

a- . 1 *'• H+licat sppertunit^ ***** nrhitvr mlaalon 

.Jars Is 1971, and there Is sufficient time to meet this date 

PY 6Q fJJIdlL 68 {S n- J n, w f0 5 J on «« lead ltena ■ nd accelerated 
tY 69 funding. The lack of funding prior to FY 70 would 

probably dictate a spare parts mission in 1971. A Titan- 
based program would allow ample capability for a probe, and 
the type recommended is the survlvable surface Impacter under 
development at JPL.' 5J In Its nominal design this crobe weighs 
about 350 lbs including an In.trumented^ntry .hSu/liSS 
probe encased ln ba.sa wood, and parachute system. The lander 
would Impact Mars at about 100 feet/sec in a 5 millibar atnos- 
*3 pounds of scientific Instrumentation can be 
landed in this manner. The Instrumented entry shell measures 
^!^r lynam C « pr ? P T tl - of th# ata o»Phere during descent. An 
t-S- °yn ly l nl8Slon to Mars in 1971 Is available using 

J5* At J»*/Centaur. The scientific payload for this mission 
using the Boeing numbers is approximately 200 lbs. 

The scientific payload of this first orbiter should con- 
tinue the attack on the oajcr scientific questions about the 
planet, .his mission should establish a strategy for expiora- 
b 7 "? xt three orblter/probe missions, which In tur£ 
should establish the strategy for the manned flyby missions 
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A 8lgnlfic4nt experiment to carry out In orbit would be 

I****™ surface .sing a vidicon system Iith 

'* rS K -hough this would not achieve the resolution 
r J\ 11 would Provide a color tljr.e history o f 

{ darkening over a large fraction of the planet * 
aur.ace. A supplemental Infrared map of the surface miaaiAn 
temperature would also be of Interest. Repeating the radio 
wave oecultatlon experiment during a nominal 6 -month mission 
de ;^ ralne profiles of atcosrherlc pressure* 
and^lonospherle electron density at hundreds of points around the 

The Instrumented entry shell of the survivable 
surrace xapacter wouxa recora se.ectea 

along a vertical profile in the atmosphere. ThiJTdata ^ 111 ^° 
affect the targeting and guidance strategy of taore sophisticated 

and^retrleval ilsslonf 2E°?, • ubs#du *? t "*nned reconnaiaaance 
A^vai* Ir J.fi li°' na unmanned probes. 

ih^h!r t ^‘ lS flrSt fll * ht «bould determine 

« " W2srss„r i 

ra/as; ss.*s:asr* * ntr> -»• 

r* **• *•"*•* Probe should have a lifetime of several 
days. It would be interesting to try a life detection emuri 

22,2a tl V 9n «? 1 V 1<>n * and 4 saa Cteoii^ljris * g^ r1 ’ 

candidate since it detects atmospheric gas components as wel’ 
»niVr fa °* ° r ** nl ° •ub«t«noes of biologic interest. Pressure 
t f“ p w ra ^ ure varlations during a diurnal cycle and an initial 

the capability of^ra'l^de?/ 180 ** ° f lntereat and " lthln 

/ 

/ „„ f he 1973 opportunity is probably the last chance for 

1 JJJ J Sli? P T P f ob ? n ; 88lon to Mars using a Titan III-C launch vehicle 
V 197 ' qqirn t ^ ft t eCt ? ry untii af ^ er 1977- Eased on an analysis of 
rth« 39 »? n da * a .! ®P* c#craft could be launched in 1973 with 
the objective of delivering impacting landers to different areas 

orh • t. ’ ° n ° iy3 f em w lth color filters would again be the prime* 
orbita. experiment. In addition to the Mars surface. Phobos 

HUi-US?* "? uld n t kB ln t® re sting photographic subjects. The 
perlapela points of the two spacecraft orbits would be select-** 
^different locations to provide increased TV coverage of the 

h _ i i r» * Jbe prime objective of the lander mission would again 
detection. Assuming the earlier gas chromatography 
expe. ir.ent worxed, emphasis could now be devoted to exobiology 
* SifS 0 ;; 51 ? experiment night be one which detects metabolised 

and SOU mechanic. 
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By 1975 technological advancements In photosystems 
e.g., dielectric tape cameras) should be available. Improvements 
In the telecommunication subsystem (e.g., foldable antenna* with 
Increased aperture areas) should supply the capacity to support 
an increased bit rate, caking high resolution photographic coverage 
c _ r Tracking and atmospheric density data 

from the -97- and 1973 missions should allow a lower perlapsis 
altitude for subsequent missions, and sterilized orbital space- 
eraft may also be adopted. The emphasis cf surface Imagery 
should shift from low resolution color aspects to higher resolu- 
tion topography and xorpholcgy. Site selection for subsequent 
soft landers Is a major objective. These system Improvements 

—hi* i..* , A . nrhir.al vehicle 

for the 1975 and 1977 than for the 1973 mission. 


ihe atmospheric entry angle of the lander probe may 
be selected to provide speciric data for later, more sophisti- 
cated prcbes . The experiment payload of the entry shell may 
also be changed from that on the 1971 and 1973 missions. The 
iar.der probe Itself could be targeted to a specific area on the 
surface based on earlier lnagery. The prime experiment objective 
would be exobiology, with tie particular instrumentation to be 
determined. 


1977 represents the final precursory site survey 
opportunity. Raphaels would be focused on particular sites or 
Interest for sample collection. Possible Innovations ir. the 
orblter photo subsystem might Include color filters. A fac- 
simile scar, system on the lander would provide small scale 
topography of a potential landing site and the first Information 
on surface micro-relief. 

The larger orblter and landers coupled with the 
increased energy requirements of the 1975 and 1977 missions 

appear to require a launch vehicle intermediate between the 

Titan ril-C and the Saturn V. However, uncertainty in mission 
requirements and the possibility of delays In obtaining the larger 
payload class of orbiters and probes leave the launch vehicle and 
spacecraft for these missions as open questions at this time. 

In late 1979 the first manned flyby mission shown In 
Figure 1 would reach Mars. The prime objective is the recovery of 
a sample from the Mars surface for lire detection experiments .16) 

A secondary objective is the establishment of geophysical 
stations on the Kars surface. Both objectives can be met 
by soft landing probes. The former objective requires 
a probe capable of returning to the manned vehicle. The 
returned samples will be examined for life forma and 
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pathogenicity on board the Banned spacecraft before belr.a 
returned to earth for more detailed analysis. High resolution 
telescopic photography fror. the manned vehicle during parlaosls 

Pr ° ,ld * ■ UrrsC * < ’ eta11 to » 1 '” 1 “f ^SeriUtTl}‘ 

„ . The objectives of the 1981 manned flyby mission are 
r# -“ rn * ri<1 ®lte survey. The nature of the site survey 
will depend on whether the 198*-5 mission Is planned as a rained 

before ?► °r? lt ? r ' The on this would probably be rade 

before the first manned flyby Blsslon left Tr f u , , . 

of life on Mars could be .Stl2 Lfotl 

>n' P IcSld W ?ewi g J> < 0f the / orwari2 and contamination prefab ’ 
systea»? Ul<1 r#Cluce the con P^xlty and weight of the manned landing 

VENUS 

roughly of T S. P S55i5r ,U-,t ° f th * pW Vanu « 

U> 5 hC partl3le ar - d Ba «netic field er.viron- 

^ h !w Pl S n#t at * 0 »P h «»** «» observed by Mariners II 
unJ / and the Russian Venus ft orbital probe. (S' 

(:>) I" fra f d ten P* rat u r « (probably at the top of the clouds) 

hn?K rn i Cr ? WaVe *r er,F ! Tature8 (P roba Ply at the surrace) from 
both Mariner II and aarth-based measurements. 

f 3) K»J°r atmospheric constituents and a profile of pressure 
and temperature below 26 to at one p^t on the nig" 


<*> 


(5) 


side, from the Ver.us ft lander probe? 

proflles of fttmospherlc refractlvlty (leading to 

JjSS 1 2A.tn , S r ?* *!* and Ionospheric elec- 

irS density at two vocations determined from the 

Mariner V radio occultatlon experiments. 

The density of hydrogen in the outer atmosphere (Mariner V) 
a J*J th ? Identification of selected components of the lower 
atmosphere (earth-based spectroscopy ) . 

(6) Dynamical parameters of Venus as determined by earth-based 
optical and radar techniques. 

The U. 3. program has been conrined to remote sensing from flvbv 

ohoto^LS"? eart 5l Nelther th * »• S. nor the Rusflar.s havi y 
photographed Venus from a space probe. 

The major areas or Tuture Interest Include: 

(1) Life detection at Venus, either In the atmosphere or 
conceivably at high surrace elevations where the tem- 
perature would be lower than average. 
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(2) Composition of the clouds. 

(3) Circulation of the atmosphere. 

(«) Surface topography and morphology. 
(t>) Internal structure and conposltlon. 


. , Optical imagery has proved to be one of the -noRt 

moon riBa it V i. CyPe fi° f ^ dat * ln the ex Pi°ratlon of Kars and the 

J! ttt beca “ Be of the required communication 

« ;h“ aS 

'••option vidlcon system should suffice 
to do a job similar to that of Tiros on earth. This could be 

irla^DroSahl! 1 ** ?} th 1 photo C#U to »<U«at the vidlcon 

albedo P e?J“ ly Tr Q K lrln8 llttie Precursory information on cloud 
?loud2* I Z'i.H 1 h ? we y ar ' the surface 1. visible through the 
for d ThJ diSJJ I2i Utl ° n Pf°t°« r ephic system will probfbly be called 
%ZlJ2 % ^!?f?i!5 d operatlon of this system -ill be more straight - 
S ?f d AT dl 8ta Ji ed precursory data on atmospheric and surface liaht 
available . A mission which will return TV llclurZ* 

dec ; aio^ b h! n i?n 80 ° n tl poa8lble ln orde r to make the necessary 
££hl? "uKSSS. 0 " for. and design of. a pfcJto- 


u ^'?-? ar ^^**t feasible opportunity for another mission 

f® Yj” ua la ** attractive possibility for this oppor- 

-unity Is a flyby mission with a gravity assist at Venus that 
III 1 ' 1 ™ ?f OV £} e a Me f cur y flyby!?' This Will provide a dual' 
th * 77 ** perlaent *ince any space photography of 

acconniiiS.^^f 1 t0 bB excltln «- fhle mission ceJld be 
acconpllsned using the so-called "spare parts" Mariner '6o 

*? unchad on an At Us/Centaur. Because of the short 
»*3J available, probes would not be considered for this mission 
52 1 ??*k" P 4,1(1 s Pe«troir.eter Instrumentation would be carried on 
S* £*£*« spacecraft. The TV imagery should be obtalnlTln 

4no^: 1 SJ e ,? nd , ne \ r , UltrftVl0l,t at V#nua 8lnce ther « ar e 

-eports of cloud aotlon recorded ln the UV from earth. 

•he rin.t ?, 1972 the *2;?*? In “® orbiter program should place 
nrhifJr * U * S ; 8pacecraft I” orbit about Venus. The prime 
«n 1 ^i.,J XPer ‘K e i t 8hould be 17 • ¥lth selected filters, to 

SS*-«Sr ^r phoI ?» F* “ oticn and a concentrated search 
over the entire planet for visible access to the surface. An 
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Imaging radar system would guarantee low resolution pictures 
of the surface In the microwave portion of the spectrum. A 
single atmospheric probe could be carried to measure atmos- 
pheric thermodynamic properties In the region above 26 km as 
well as below. This thermodynamic data would be used Tor the 
design of meteorological balloons which will be delivered 
during later manned flyby missions. 

^ 1973 Is apparently the last favorable opportunity 

for a Venus gravity assist to Mercury until 1982 (this will be 
discussed In the next section on Mercury). In view or this, 

mi.aion \n suggested using the ’69 Mariner 
class spacecraft and Titan III-C launch vehicle. i» wxx* w 
carried as the prime spacecraft experiment for Mercury. Some 
picture* will be taken of Venus, although they may be antl- 
cllrr.actlc after the 1972 orblter mission. The prime Venus 
experiment will be a aurvlvable surface impacting Drobe(io) a 
probe weighing In excess of 600 lbs can be delivered with an 
800 lb flyby spacecraft by the Titan III-C. This probe would 
survive at least one hour on the ground and relay data to the 
flyby bus on landing dynamics, light level, temperature, pressure 
and wind velocity. The main function of this lander probe Is 
to begin a aurvey of surface conditions to determine whether 
more sophisticated soft landing probes have any role in the 
future exploration of Venus. 

The 1975 opportunity should capitalize on previous 
surrace imagery and Venus lander technology to launch two 
orblter flights with Impacting lander capsules. Because 
of the dense atmosphere, landing velocities can be less than 
100 feet/sec with nothing more than vehicle aerobraklng. The 
earlier lander payload can be supplemented by a panoramic TV 
scan system relaying data to the orblter. Two landers at 
different points should provide the basis for Interesting data 
comparlsona. Thla mission should provide the design basis for 
a possible second generation surface lander. The orbital mission 
will Include TV cloud photograpny, microwave Imagery of the surface, 
and possible high resolution film or dieleotrlc tape photography. 
Improvements in the orblter communication system should allow 
a greater data return compared to the 1972 mission. 

A final orbital mission In 1977 should attempt to 
complete the cloud and surface mapping to minimize thla 
function on the manned flyby mission. Multiple probes launched 
into the atmosphere at different points should provide a glimpse 
of the global weather patterns. Coupled with cloud photography 
and surface data, simple circulation and atmospheric density 
models should be constructed to aid In mission planning for 
subsequent weather balloon deployment. 
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ia -77 « , Thc lncrease <l exploration objectives of the 197 S and 

pr-.nc.pal weight Increase would com from the 

iS&TSa IS.J5 55.T — 

F 1 *!" A ^ Vl \ lion Is "to ^ 

liHioi un J #r "‘ an <jl r, 6 of the atmospheric circulation. A 

bSScS^Jff^i?} 11 b * 5 h T depl0yaCnt °* multiple weather 
u* !°^L 11 reC ° rd local pr SV ur# ^ temperature and 

float at several different altitudes based on earlier *h#rmn 

niy a al 30 be a iaunoh^“r lBp f° v ' d flr#t *«neratlon lander probes 
may also be launched from the manned spacecraft. Also *r 

surface photography fro* orbit has beeS preSlu^d by uAb^ken 

oio?oeraoh r ; h r Ver r i ™ P«*>Sl might boused ?£*" 

photograph the surface rrom below the cloud layer. 

_- w -_ ; n 1981 and 1 9®3, the second manned flyby mission 
maxes its two passes by Venus. The prime objective la the 

suJr£2e f0r -ri lfe i n the V#nu ‘ atmosphere and possibly on Its 
surface. The major atmospheric probe might be a so-called 

KEFS/*?? 8 Station ^ U) °~ BVS - •hlch is a several 0 thousand 
pound floating experiment station. Data from the meteorological 
balloon mission will be used to predict the course of this ' 
prob* *nd to aalcot an opttsua d«ploym#nt point. Key *jiLerl- 
r^ient a will include detailed composition analyses of the atmos- 
ph. p e at various point, ana thT..aroh for ll“fSnn.ln“^ 
ilr? -!5! P 5*iS n * th * at «aph«re. A TV microscope with 

til l®i i* d throu « h an orbital probe link either to earth or 

^ecoSr2Z-.^ P ??* Cr * ft e COuld -, °* uaed for thl * «*P«rlment. 

n * ra ^ lon surface landers nay be enployed. possibly 
emphasizing the search for life on the ground. 1 

The exploration of Venus in the 80' s would Involve 
manned orbital missions to obtain high resolution imagery of 

A? tht!! f ??I/ nd * m ° r ! dflt ; 11#d • x P lora *lon of the atmosphere, 
l S U e V fi ehi*hi * r>an * ed landing on Venus appears to be 'unfeasible 
\ d *‘ e *° th , hl §£. 8urfaoe temperature. A Venus orbiting mission 

70'a !° • * OUld aerv * to pac * the development*^ the 

[z* energy space storable propulsion system. Thii 

5 r ° Vl ? e the ca P |blUt y of "ending relatively 
o!t*Ir25K?* pro ^ e f to the outer Planets when used as an 
!2Kf7?? l S pr °P ulalon "yaten and would also provide the 
capability for manned orbital missions to Kara. 

MERCURY 

Mercury Is extremely difficult to observe w’th earth- 
based optical telescopes because It Is an Inner planet clo« 
to the sun. It# small size tnd large diatanoe frea earth have 
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2 ^ 3 =SSSaB£$f 3 & 

S -“ 

arsrs?JKs Sr •? ^ “ttsys* 

^jyg^gr-g gjgasar 

Swss!#?^ 

rrs^.K^::4;'^ : £“S.“:Sr“:; : -- 

L'lrect flight# to Mercury are available every year 
with a C 3 of approximately *1 k» 2 /#ec 2 . with little y.ar-to- 

iris 

aaiajis*-- 

i n terms of C^. Two of the moat favorable Venus 

awingby opportunities occur In 1970 am 107? (i* ikl m . 
to Mercury 1 , app roxln.tel, 

AM«?r 20 . km /sec » " hlch ia within the capability of t>-* 

•CeJ^lS^iSntha ^hl^Xh ? " lngby °PP° rt wnltlea occur roughly 

ff n ,V h#A th# problena associated with the low D ePi#Lu 

»? Mrs.*s,“! ‘ff3T 

P ro p ui;iv,\ir..Sy.^ S ^, p T ^ 0 ^J°"; • •t'"" ‘curacy, 

asr^jatfs as ^-a4s Sr - - — 
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Figure 1 does not Indicate flights to Mercury beyond 
1973* since the next mission should probably be an orblter. 
Retrobr&king a spacecraft Into Mercury orbit Is extremely 
costly In propulsion, and a determination of the value of this 
mission should be postponed until after the first successful 
flyby. 

JUPITER 

Jupiter is the brightest source of decametric radia- 
tion In the sky, with the possible exception of the disturbed sun. 
Its raalo emission is related to the planet temperature, charged 
par Lie 1C aww .1. .'1:1! pr-f**" «" • «»rn*r which Is not 

completely understood. Hydrogen has been identified as the 
major constituent of the planet, with ammonia and methane being 
minor components. How these components are distributed in the 
atmosphere and solid body of the planet has not been determined 
experimentally. Perhaps Jupiter’s most well known puzzle is the 
Red Spot which has intrigued scientists since It was first 
observed. 

The possibility of sending probes to Jupiter and 
beyond may require advances in technology in several areas. 

| These Include non-solar power sources, reliability consistent 
I w ith 1. 5--0 year mission times, ar.d long range communication 
' systems. 


. Figure 1 shows Jupiter probe flights In 197U and 
1975 and the Grand Tour" opportunities in 1977 arid 1978 . 115) 

The 197*» and 1975 flights are precursors to the "Grand Tour" 
missions and represent a new class of spacecraft with major 
advancements In the power and communication subsystems. 
Spacecraft in the 600 lbs weight category using an Atlas/Centaur 
with a kick stage for the launch vehicle are under study. The 
experiment payload of this flyby spacecraft would emphasize 
interplanetary and planetary particle and field measurements. 

The meteoroid environment in the asteroid belt between Xars 
and Jupiter Is also of scientific Interest and would affect 
the spacecraft design for subsequent missions to the major 
planets. 


The two "Orand Tour" missions to the major planets 
In 1977 and 1978 use a Jupiter gravity assist to pass by 
Saturn and Uranus and finally reach Neptune approximately 8 to 
9 years after earth departure. Besides visiting four planets 
on a single flight, the normal trip time to Neptune Is dimin- 
ished by about a factor of 3. This attractive opportunity Is 
not known bo be repeated within the next 100 years.’ 1 ®' 

By the time of the 1977 and 1978 flights, some 
improvements in the spacecraft cocaur.lcatlons and other sub- 
systems might raise the total spacecraft weight to around 1000 
lbs ar.d would require a Titan Ill-C/Centaur launch vehicle. 
Rather than develop two new launch vehicles for this program, 
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lt Is suggested that the Titan II I -C/ Centaur also be used for 
the Galactic Jupiter Probe alaalon* In 197* and 1975. This 
extra booster capability could be used to advantage to shorten 
the trip time for the first Jupiter flights. 

ASTEROIDS AND COMETS 


Several flyby mission opportunities are available In 
the late 197C's and early 19fl0's to reach comets and asteroids f 1 *) 
These would employ Mariner '69 spacecraft technology, although 
improvements would have to be made in the scan platform to 
counter the high closure rates. TV would be a prime experiment. 

* u ‘ ‘♦M* /♦*--.* *»..» •• t-K* u.hIM. fr> r t.hm 

opportunities in the 1970's. 


SUMMARY 


The planetary program presented is a way of obtaining 
substantial scientific data on the nature and structure of the 
solar system during the 70's, of keeping the option of manned 
planetary exploration in the late 70' s, and of providing for 
continued unmanned exoloration of the outer planeta. It is as 
of December, 1967, feasible and meaningful. The particular 
program depends on certain critical PY 69 thru PY 71 funding 
decisions. As these decisions are made, it will be necessary 
to Introduce variations In the follow-on program. As more 
technical work is completed, better means to accomplish the 
missions nay be found. The exploration logic Is somewhat more 
durable and provides a basis for structuring a planetary pro- 
gram as future decisions are taken by NASA. 
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